Objective: To investigate whether changes in body energy balance induced by long-term high-fat feeding in adult rats could be associated with modifications in energetic behaviour and oxidative stress of skeletal muscle subsarcolemmal (SS) and intermyofibrillar (IMF) mitochondrial populations. Design: Adult rats were fed low-fat or high-fat diet for 7 weeks. Measurements: Body energy balance and composition analysis together with plasma insulin and glucose level determination in the whole animal. Oxidative capacity, basal and induced proton leaks as well as aconitase and superoxide dismutase activities in SS and IMF mitochondria from skeletal muscle. Results: High-fat fed rats exhibit increased body lipid content, as well as hyperinsulinemia, hyperglycaemia and higher plasma non-esterified fatty acids. In addition, SS mitochondria display lower respiratory capacity and a different behaviour of SS and IMF mitochondria is found in the prevention from oxidative damage. Conclusions: A deleterious consequence of decreased oxidative capacity in SS mitochondria from rats fed high-fat diet would be a reduced utilization of energy substrates, especially fatty acids, which may lead to intracellular triglyceride accumulation, lipotoxicity and insulin resistance development. Our results thus reveal a possible role for SS mitochondria in the impairment of glucose homeostasis induced by high-fat diet.
Introduction
Many studies report that giving a high-fat diet to rats leads to obesity, insulin resistance and impaired glucose metabolism. [1] [2] [3] [4] [5] [6] However, it is generally assumed that, without a genetic predisposition, diet alone will not be able to induce type 2 diabetes. This notion has been challenged by works showing that exposure to fatty acids for 24-48 h can inhibit insulin secretion in rat b cell in vitro, 7 in perifused pancreas, 8 and in humans. 9, 10 In addition, different studies have outlined the importance of the length of high-fat diet treatment on development of insulin resistance in rats. 3, [11] [12] [13] [14] At the cellular level it seems that obesity and type 2 diabetes are associated with impaired mitochondrial biogenesis and function. 15, 16 In a recent work, a role for reduced subsarcolemmal (SS) mitochondrial energetics in the pathogenesis of skeletal muscle insulin resistance in obesity and in type 2 diabetes has been proposed. In fact, decreased number of SS mitochondria and lower SS electron transport chain activity were found in skeletal muscle from obese or diabetic patients, compared to non-diabetic lean volunteers. 15 This finding is of importance because skeletal muscle is the primary site of insulin action and is thus inherently linked to the development of whole-body insulin resistance. 17 We have previously shown that 90-day-old Wistar rats fed a high-fat diet for 2 weeks became obese, but did not develop insulin resistance, since they exhibited serum insulin and glucose levels similar to those found in control rats fed a lowfat diet. 18 The current study was therefore designed to determine the impact of a longer term high-fat feeding on energy balance and glucose homeostasis. Another purpose of this study was to evaluate skeletal muscle mitochondrial functionality, by determining mitochondrial oxidative activity and energetic efficiency in rats in which obesity was induced by a long-term high-fat feeding. Within the context of the hypothesis that SS mitochondria are an important effector site in the pathogenesis of skeletal muscle insulin resistance, 15 the analyses were carried out taking into account that skeletal muscle mitochondrial compartment is constituted by SS mitochondria, located beneath the sarcolemmal membrane and intermyofibrillar (IMF) mitochondria, located between the myofibrils. We have previously shown that these two mitochondrial populations exhibit different energetic characteristics and can be differently affected by physiological stimuli. 19 Finally, since high-fat diets are reported to affect oxidative stress in a variety of tissues, 20, 21 markers of mitochondrial oxidative damage and antioxidant defence were also assessed in skeletal muscle SS and IMF mitochondria.
Research design and methods
Male Wistar rats (Charles River, Italy), aged 90 days and caged singly in a temperature-controlled room (24711C) with a 12 h light/dark cycle (06. 30-18.30) were divided in three groups. The animals were selected based on body weight being within 75 g of the mean body weight (440 g). Treatment, housing, and killing of animals met the guidelines set by the Italian Health Ministry. At the start of the study, one group of the above rats was killed to establish baseline measurements. The other two groups of rats were fed a low-fat (10.6% of energy from fat) (Mucedola 4RF21; Settimo Milanese, Milan, Italy) or a highfat diet (50% of energy from fat) for 7 weeks. The high-fat diet was formulated to differ from the low-fat diet only in fat and carbohydrate contribution to the caloric value but to be identical in terms of proteins, vitamins, minerals and fibre, as reported previously. 22 The fatty acid composition of the two diets was analysed by gas-liquid chromatography and is shown in Table 1 . Our high-fat diet contained a greater percentage of saturated fat than low-fat diet, so the polyunsaturated to saturated fatty acid (P/S) ratio was 4.2 for low-fat diet or 1.7 for high-fat diet. Diet modifications were achieved by the partial replacement of linoleic acid (C 18:2n6 ) with saturated fatty acids (C 4:0 -C 18:0 ). At the end of the experimental period, the rats were killed for measurements of energy balance and body composition or for blood collection and skeletal muscle harvesting.
Energy balance and body composition Energy balance assessments were carried out over 7 weeks of high-fat feeding as reported previously, 22 by the comparative carcass technique. Briefly, during the experimental period, metabolizable energy (ME) intake was obtained by subtracting the energy measured in faeces and urine from the gross energy intake, determined from daily food consumption and gross energy density of the diets. At the end of the diet treatment, the animals were killed by decapitation, the rat carcasses were homogenized with a mass of water equal to twice the carcass weight and subsequently desiccated at 701C in a vacuum oven. Aliquots of the homogenized carcass were analysed for energy content by bomb calorimetry and for fat content by the method of Folch et al., 23 while body protein was determined from a general formula relating energy deriving from fat, total energy value of the carcass, and energy derived from protein. 24 The caloric values for body fat and protein were taken as 39.2 and 23.5 kJ/g, respectively. In addition, water content was determined by the difference in weight of the carcass homogenate before and after drying at 701C in a vacuum oven. Body energy, protein and fat gain were calculated as the difference between the final and initial content of body energy, protein and fat. Energetic efficiency was calculated as the percentage of body energy retained per ME intake. Finally, energy expenditure was determined as the difference between ME intake and energy gain. The total cost of storage was determined taking into account that the energy loss in storing 1 kJ protein is 1.25 kJ. 25 As for the energy cost for fat deposition, in animals consuming a diet with a high percentage of carbohydrate, such as the low-fat diet, almost all of the body fat will be synthesized de novo from glucose with a relatively high energy cost (0.36 kJ/kJ fat deposited). 25 When the level of the fat in the diet is increased, as with the high-fat diet, body fat is derived directly from dietary lipids, with a much lower energy cost (0.16 kJ/kJ fat deposited).
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Blood parameters On the day of blood collection, the animals were killed late in the morning in the post-absorptive phase. The blood samples were centrifuged at 1400 Â g av for 10 min at 41C. Plasma was removed and stored at À201C until used for determination of substrates and hormones. Plasma insulin concentration was measured using ELISA kit in a single assay to remove inter-assay variations (Mercodia AB, Uppsala, Sweden). Plasma glucose and non-esterified fatty acid (NEFA) concentrations were measured by colorimetric enzymatic method using commercial kits (Pokler Italia, Genova, Italy Isolation of skeletal muscle mitochondria, assay of uncoupling protein 3 and determination of citrate synthase activity Hind leg muscles were rapidly removed, homogenized, and used for the preparation of SS and IMF mitochondria as reported previously. 22 Mitochondrial preparations were obtained by pooling skeletal muscles from four rats. Immediately after the isolation, aliquots of mitochondria were frozen and stored at À801C for the determination of uncoupling protein 3 (UCP3) by Western blotting using UCP3 antibody (Chemicon International, Tenecula, CA, USA) as described previously. 28 To exclude possible changes in the sedimentation characteristics of the IMF and SS mitochondria isolated from rats fed low-or high-fat diet, measurements of the activity of citrate synthase, a mitochondrial marker enzyme, were carried out in the homogenate and in IMF and SS mitochondria, according to Srere.
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Mitochondrial respiration, basal and palmitate-induced proton leak Oxygen consumption was measured polarographically with a Clark-type electrode (Yellow Springs Instruments, USA) in a 3 ml-glass cell, at a temperature of 301C. Isolated SS or IMF mitochondria (0.1 mg protein/ml) were incubated in a medium containing 30 mM KCl, 6 mM MgCl 2 , 75 mM sucrose, 1 mM ethylenediaminetetraacetic acid (EDTA), 20 mM KH 2 PO 4 pH 7.0 and 0.1% (w/v) fatty acid free bovine serum albumin (BSA). In the presence of succinate 10 mM, rotenone 3.75 mM and 0.6 mM ADP, state 3 oxygen consumption was measured. State 4 was obtained in the absence of ADP. Respiratory control ratio (RCR) was calculated as the ratio between states 3 and 4.
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Basal proton leak kinetics were obtained by parallel measurements of mitochondrial oxygen consumption by using a Clark-type electrode and membrane potential by using safranin O and a JASCO dual-wavelength spectrophotometer (511-533 nm). 31 The absorbance readings were transferred to mV membrane potential using the Nernst
, and calibration curves made for each preparation as reported previously. 32 Mitochondrial oxygen consumption and membrane potential were titrated at 301C by sequential additions of malonate up to 3 mM for IMF and 5 mM for SS mitochondria. Measurements were carried out in a medium containing 30 mM LiCl, 6 mM MgCl 2 , 75 mM sucrose, 1 mM EDTA, 20 mM Tris-PO 4 , pH 7.0, succinate (10 mM), rotenone (3.75 mM), oligomycin (2 mg/ml), safranin O (83.3 nmol/mg), nigericin (80 ng/ml) and 0.1% (w/v) fatty acid free BSA.
To determine the uncoupling effect of palmitate on proton leak kinetics, mitochondrial membrane potential and oxygen consumption titrations were measured as above in the presence of palmitate. Since the palmitate uncoupling effect was higher in SS than in IMF mitochondria, 22, 28 we used a lower palmitate concentration in SS (45 mM) than in IMF mitochondria (75 mM). These concentrations were selected to obtain a physiological decrease in membrane potential similar to that obtained in the transition from state 4 to state 3 conditions (about 15-20 mV) in both mitochondrial populations. Owing to the presence of 0.1% BSA in the incubation medium, the above concentrations of palmitate correspond to 17 nM (for SS mitochondria) and 62 nM (for IMF mitochondria) free (not bound) fatty acid, calculated using the equation of Richieri et al.
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Palmitate-induced proton leak was estimated from titration of respiration by sequential additions of malonate up to 625 mM for IMF and 1 mM for SS mitochondria.
Mitochondrial aconitase and superoxide dismutase specific activity Mitochondria were solubilized in 1% Triton X-100 (40-60 mg protein for aconitase and 7-9 mg protein for superoxide dismutase (SOD)). Aconitase specific activity was measured in a medium containing 30 mM sodium citrate, 0.6 mM MnCl 2, 0.2 mM NADP, 50 mM Tris-HCl, pH 7.4 and 2 U of isocitrate dehydrogenase. The formation of NADPH was followed spectrophotometrically (340 nm) at 251C. 34 The level of aconitase activity measured equals active aconitase (basal level). Aconitase inhibited by reactive oxygen species (ROS) in vivo was reactivated so that total activity could be measured by incubating mitochondrial extracts in a medium containing 50 mM dithiothreitol, 0.2 mM Na 2 S and 0.2 mM ferrous ammonium sulphate. 35 SOD specific activity was measured in a medium containing 0.1 mM EDTA, 2 mM KCN, 50 mM KH 2 PO 4 , pH 7.8, 20 mM cytochrome c, 5mM xanthyne, and 0.01 U of xanthyne oxidase. Determinations were carried out spectrophotometrically (550 nm) at 251C, by monitoring the decrease in the reduction rate of cytochrome c by superoxide radicals, generated by the xanthine-xanthine oxidase system. One unit of SOD activity is defined as the concentration of enzyme that inhibits cytochrome c reduction by 50% in the presence of xanthine þ xanthine oxidase. 36 Statistical analysis Data are given as means7s.e.m. Statistical analyses were performed by the two-tailed unpaired Student's t-test. P values o0.05 were considered to indicate a significant difference. All analyses were performed using GraphPad Prism (GraphPad Software, San Diego, CA, USA).
Materials
All chemicals used were of analytical grade and were purchased from Sigma (St Louis, MO, USA).
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Results
Changes in body composition, plasma substrates and hormone levels after 7 weeks of high-fat feeding are shown in Table 2 . Rats fed high-fat diet exhibited significantly higher body energy content and fat percentage, while the percentages of body water and protein were significantly lower, compared to rat fed low-fat diet. Impaired glucose homeostasis was found in high-fat fed rats compared to rats fed low-fat diet, as shown by significantly higher plasma concentrations of insulin and glucose, together with higher HOMA index. In addition, increased plasma NEFA levels were found in high-fat fed rats, compared to rats fed low-fat diet. Energy balance data (Table 3 ) indicate that ME intake was similar in rats fed low-fat and high-fat diet. However, highfat fed rats exhibited a greater fat intake and a lower carbohydrate intake due to the difference in diet composition. In these rats, body energy and fat gains were significantly higher, while protein gain was lower, compared to rats fed low-fat diet. High-fat feeding was also associated with a significant decrease in the total cost of storage, and as a consequence, energy expenditure was lower in rats fed high-fat diet, although the difference did not reach statistical significance. Energetic efficiency significantly increased in high-fat fed rats compared to low-fat fed rats, indicating that rats fed high-fat diet are metabolically more efficient than rats fed low-fat diet.
At the end of the experimental period, maximal ADP stimulated (state 3) and resting (state 4) oxygen consumption were measured in SS and IMF skeletal muscle mitochondria, using succinate plus rotenone as substrate, to determine the effect of high-fat feeding on mitochondrial functionality. In preliminary experiments, the purity of the two mitochondrial populations was determined. In agreement with others, [37] [38] [39] we found that the contamination of SS and IMF mitochondria by other ATPase-containing membranes was lower than 10% in both groups of rats, with no variation due to high-fat feeding. In addition, no difference was found in % recovery of citrate synthase activity in SS and IMF mitochondria from rats fed low-fat or high-fat diet, indicating no change in the sedimentation characteristics of the organelles (Table 4) . State 3 and 4 respiratory activities of SS mitochondria were significantly lower in high-fat fed rats than in rats fed low-fat diet, while no variation was found in IMF mitochondria (Table 4) . The decreased succinate supported respiration found in SS mitochondria could be due either to a decrease in the activity of the dicarboxylate carrier, or the succinic dehydrogenase activity, or the electron transport chain from complex II onward, and/or the phosphorylation system. Further researches should be necessary to identify the limiting factor for decreased succinate respiration. RCR values for SS and IMF mitochondria, reported in Table 3 , were consistent with those of intact, functional isolated mitochondria. UCP3 protein content in SS and IMF mitochondria, measured by Western blot analysis, was not found significantly different in the two experimental groups ( Table 4) .
The changes in the permeability of the inner mitochondrial membrane to H þ ions, the most important factor that affects oxidative phosphorylation efficiency, 40 were also assessed in rats fed high-fat diet. Basal proton leak ( Figure 1 ) was measured in absence of contaminant free fatty acids, which are known mitochondrial uncouplers, 41, 42 while fatty acid-induced proton leak ( Figure 2 ) was determined in the presence of physiological amount of palmitate. In the two conditions, mitochondrial proton leak was assessed by titration of steady-state respiration rate as a function of Abbreviations: ME, metabolisable energy. Data are means7s.e.m. of eight different rats. Values refer to the whole period of the diet treatment (7 weeks). *Po0.05 compared to low-fat diet. % change values refer to high-fat diet compared to low-fat diet.
Subsarcolemmal mitochondria and high-fat diet L Lionetti et al mitochondrial membrane potential in SS and IMF mitochondria. These titration curves are an indirect measurement of proton leak, since steady-state oxygen consumption rate (that is, proton efflux rate) in non-phosphorylating mitochondria is equivalent to proton influx rate due to proton leak. Figure 1a shows that basal proton leak was increased in IMF mitochondria from high-fat fed rats.
Oxygen consumption driving the leak of protons across the membrane at any particular membrane potential was faster in mitochondria from high-fat fed rats than in mitochondria from rats fed low-fat diet, resulting in a kinetic curve that was displaced upwards. For example, in comparison to rats fed low-fat diet there was a statistically significant increase in oxygen consumption driving proton leak at 175 mV in rats Subsarcolemmal mitochondria and high-fat diet L Lionetti et al fed high-fat diet (5675.5 ng atoms O/min Â mg protein for low-fat fed rats and 8676 ng atoms O/min Â mg protein for high-fat fed rats, Po0.05). On the other hand, basal proton leak of SS mitochondria from rats fed high-fat diet was indistinguishable from rats fed low-fat diet (Figure 1b) . Finally, the palmitate-induced proton leak in SS and IMF mitochondria exhibited no change in the two experimental groups, since the respective kinetic curves were superimposable ( Figure 2 ). To assess ROS damage and antioxidant defence in SS and IMF mitochondria, skeletal muscle mitochondrial aconitase and SOD specific activities were tested. Since aconitase activity is very sensitive to superoxide exposure, this enzyme can be used to estimate indirectly the superoxide concentration. We, therefore, measured mitochondrial aconitase activity in isolated mitochondria as an in vivo indicator of ROS damage. To avoid mistakes due to a different amount in total aconitase activity, we measured active aconitase (basal level) and total aconitase, obtained after reactivation of inactive fraction of aconitase. We used the basal/total aconitase activity ratio as a sensitive marker of oxidative stress. Basal aconitase/total aconitase ratio was found significantly higher in both SS and IMF mitochondria from high-fat fed rats than in rats fed low-fat diet (Table 5 ). This result indicates that both in SS and IMF mitochondria from rats fed a high-fat diet there is a low level of oxidative stress. In agreement with this result, SOD activity was found significantly higher in SS mitochondria (Table 5) in rats fed a high-fat diet. By contrast, significantly reduced SOD activity was found in IMF mitochondria from high-fat fed rats compared to rats fed low-fat diet (Table 5) .
Discussion
This study mainly reveals that adult rats in which obesity was induced by long-term high-fat feeding exhibited, associated with impaired glucose homeostasis, a decreased oxidative capacity in skeletal muscle SS mitochondria and a low level of oxidative stress in both IMF and SS mitochondria.
The evaluation of the changes in energy balance shows that adult rats fed high-fat diet for 7 weeks became obese compared to rats fed low-fat diet, despite minimal changes in body weight. In fact, high-fat fed rats displayed an increase in body energy content, lipid percentage, and energetic efficiency, due to the elevated fat intake rather than to an increase in ME intake. This finding is consistent with previous experimental observations that dietary fat promotes increased adiposity and energetic efficiency independent of energy intake. 43, 44 The explanation of the increased energetic efficiency of rats consuming the same amount of calories but introducing more fat comes from the theoretical calculation by Flatt, 45 in which only 20.3 kcal of dietary fat are required to replace a mole of ATP compared with 24 kcal of dietary carbohydrate. In addition, it has been shown that the efficiency of nutrient utilization is higher for fat than for carbohydrate or protein. 46 In fact, the thermic effect of nutrients, expressed as percentage of their energy content, is 2-3% for lipids, 6-8% for carbohydrates and 25-30% for proteins. 46 On the other hand, it has been shown that very young rats fed diets rich in fat exhibited decreased energetic efficiency, due to the presence of adaptive thermogenesis, thus counteracting obesity development. 22 It can be, therefore, speculated that the age at which high-fat feeding starts is an important factor in determining obesity development. Finally, lower protein gain was found in rats fed high-fat diet despite the unchanged protein intake, probably because an increase in hepatic gluconeogenesis from amino acids occurred, due to the lower carbohydrate intake. 47 We have found that obesity development in adult rats fed high-fat diet for 7 weeks is associated with hyperglycaemia and high NEFA levels, a condition that preludes to diabetes. These results are different from those obtained in adult rats fed the same high-fat diet for a shorter period. In fact, in a previous work, we showed that 90 days old Wistar rats fed this high-fat diet for 2 weeks exhibited an increase in fat storage without any change in NEFA, glucose and insulin Subsarcolemmal mitochondria and high-fat diet L Lionetti et al levels. 18 It can be suggested that the length of high-fat treatment is an important factor in the development of glucose homeostasis impairment in adult Wistar rats. Our present results also show a decreased oxidative capacity in SS mitochondria isolated from rats fed high-fat diet, in agreement with a recent study demonstrating a downregulation in genes involved in oxidative phosphorylation both in man and mice fed on diets rich in fat. 48 The above decrease is apparently in contrast with the increased serum NEFA levels and the following increase in fatty acid flux through skeletal muscle. It can be questioned why increased fatty acid flux through skeletal muscle, induced by excess dietary fat, decreases mitochondrial capacity to oxidize energy substrates. Taking into account that fasting, another situation of increased fatty acid flux through skeletal muscle, produces changes in gene expression 49 that are similar to the pattern of dietary fat-induced changes, 48 one response could be to limit energy dissipation. One can speculate that this energy conservation mechanism probably evolved in an ancestral environment characterized by scarce food availability with frequent periods of fasting. However, in the present lifestyle with a constant availability of diet rich in fat, the above mechanism turns deleterious since it becomes an important factor, which contributes to reduced oxidation of energy substrates. The reduced oxidative capacity of SS mitochondria from rats fed high-fat diet could also be due to the high content of saturated fats of the diet. In fact, saturated fats have been shown to impair mitochondrial function, 50 probably by altering membrane fatty acid composition. 51 SS mitochondria could be the most affected, because they are localized beneath the sarcolemmal membrane, and experience a higher NEFA amount than IMF mitochondria. Another metabolic implication of reduced substrate burning by SS mitochondria may be intracellular triglyceride accumulation and lipotoxicity. The above consequence is of relevance because one of the most important causes leading to insulin resistance in skeletal muscle is intramuscular triglyceride deposition. 17, 52 In addition, skeletal muscle is the primary site of insulin action and is thus inherently linked to the development of whole body insulin resistance. 17 The mitochondrial compartment has been already indicated as a cellular site involved in the pathogenesis of insulin resistance. In fact, mitochondrial dysfunction has been found in old men 53 and insulin-resistant young subjects. 16 In addition, a significant direct relationship between skeletal muscle oxidative capacity and insulin sensitivity has been found. 54 In a previous work, we found a possible link between skeletal muscle mitochondria and insulin resistance in another obesity model, such as ageing, 32 and therefore it could be suggested that the alteration of mitochondrial function is a common cause of insulin resistance development in different obesity models. However, the underlying mechanisms appear to be different. In fact, here we have found decreased mitochondrial oxidative capacity, with no change in palmitate-dependent proton leak and hence in energy efficiency, while in aging rats reduced utilization of fuels was the result of increased mitochondrial efficiency. 32 Elevated dietary fat has been linked to increased oxidative stress in a variety of tissues. 20, 21 On the other hand, here we found a reduction in oxidative damage both in SS and in IMF mitochondria from rats fed high-fat diet. The discrepancy between other and our results could be due to the different dietary fat composition. In fact, it has been reported that diets rich in saturated fatty acids, like our high-fat diet, seem protective against cellular oxidative stress compared to diets rich in unsaturated fatty acids. 55, 56 In SS mitochondria, reduced oxidative damage could also be due to increased antioxidant SOD activity that occurs in high-fat fed rats. In IMF mitochondria, since antioxidant SOD activity was decreased compared to low-fat fed rats, lower oxidative damage could be due to the increased basal proton leak found in high-fat fed rats. In fact, one of the postulated roles of uncoupling is known to be the maintenance of mitochondrial membrane potential below the critical threshold for ROS production. 57 Although the two skeletal muscle mitochondrial subpopulations utilize two different mechanisms, it seems that they are able to reduce oxidative damage in the presence of increased fatty acid flux through skeletal muscle, induced by excess dietary fat. This result is of physiological relevance because skeletal muscle is a major organ involved in oxidation of circulating fatty acids and a potential site of ROS damage. It is interesting to note that we have previously found insulin resistance and increased ROS damage in skeletal muscle in rats during the dynamic phase of catchup fat that follows a period of food restriction. 58 Therefore, since insulin resistance but not ROS damage occurs in highfat fed rats, it seems that the phase of fat recovery after caloric restriction is more dangerous than obesity elicited by high-fat diet. In addition, the reduction in oxidative damage in both mitochondrial populations appears independent of UCP3 expression, since UCP3 content was found unchanged in both mitochondrial populations. This finding is different from one previously obtained in post-weaning rats fed the same high-fat diet for 2 weeks. In fact, these rats exhibited higher circulating NEFA levels and UCP3 content both in SS and IMF mitochondria, compared to rats fed low-fat diet. 28 The differential responses of UCP3 to high-fat feeding can be due to the different age and prediabetic state of adult rats fed high-fat diet, since ageing 59 and prediabetic state 60 decreased UCP3 content.
In conclusion, the results of present work point out the important role played by (a) the high percentage of fat in diet composition rather than hyperphagia and (b) the length of high-fat treatment in the development of hyperglycaemia associated with obesity. In addition, they underscore a possible link between high-fat feeding and impaired glucose homeostasis through an impairment of mitochondrial functionality, revealing a possible role of SS mitochondria. Finally, a different behaviour of SS and IMF mitochondria is Subsarcolemmal mitochondria and high-fat diet L Lionetti et al also found in rats fed high-fat diet, confirming that these two mitochondrial populations are differently affected by physiological stimuli.
